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PREFACE

Model studies of Applegate Dam spillway and 3utlet works were

authorized by Office, Chief of Engineers, on 20 June 1977 at the

request of the U.S. Army Engineer District, Portland (NPP). Studies

were conducted at the Division Hydraulic Laboratory, U.S. Army

Engineer Division, North Pacific, during the period September 1978

to July 1981.

The studies were conducted by Mr. R. L. Johnson under the

supervision of Mr. P. M. Smith, Director of the Laboratory. This

report was prepared by Mr. M. M. Kubo, Hydraulics Section, Seattle

District.
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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U.S. customary units of measurement used in this report can be

converted to metric (SI) units as follows:

Multiply By To Obtain

feet 0.3048 metres

miles 1.609344 kilometres

feet per second 0.3048 metres per second

cubic feet per second 0.02832 cubic metres per second

pounds (mass) 0.4535924 kilograms
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APPLEGATE DAM SPILLWAY AND OUTLET WORKS

APPLEGATE RIVER, OREGON

Hydraulic Model Investigations

PART I: INTRODUCTION

The Project

I. The Applegate Dam is located on the Applegate River 23* air

miles southwest from Medford, Oregon, and 45.7 river miles upstream

from the confluence of the Applegate and Rouge Rivers (figure 1). A

general plan of the project is shown on plate 1. The project pro-

vides 65,000 acre-feet of flood control storage and includes facili-

ties for upstream fish migration and temperature control of normal

project releases. The embankment crest is at elevation 2000**. A

two-bay spillway having a crest length of 100 feet and elevation of

1943.7 is located to the left of the left abutment. Flood control

and normal releases will be accomplished by means of a gated conduit

through the embankment dam.

2. The spillway consists of a deep, trapezoidal-shaped approach

channel, two-bay, ogee-shaped control structure surmounted by

50.0-foot-wide by 45.6-foot-high tainter gates and a 110-foot-wide

rectangular chute terminating in a flip bucket. The chute follows

the natural rock line. A secondary flip bucket is located 36 feet

below the primary bucket to throw small discharge releases beyond

the toe of the structure. A preformed plunge pool is located in the

spillway jet trajectory impact area. The spillway is designed to

discharge 93,600 cfs at a head of 43.3 feet and a maximum pool ele-

vation of 1987. Model studies showed that the discharge of 93,600

cfs could be passed with a pool elevation of 1985 (actual to design

head ratio of 0.95).

* A table of factors for converting U.S. customary units of measure-

ment to metric (SI) units is shown on page iii.
** All elevations are in feet above National Geodetic Vertical Datum.

1+
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3. The regulating outlet is designed to pass 6,100 cfs at maxi-

mum regulated pool elevation 1987. The outlet works consist of a

free-standing intake tower, two 5-foot by 7-foot entrance passages

controlled by vertical slide gates, an 800-foot-long 9-foot by

14.5-foot oblong conduit, a transition between the dual entrances

and conduit, and a dual-chamber hydraulic jump stilling basin

designed to also function as an entrance pool for a fish passage

facility. The intake tower includes five gated 4-foot by 5.5-foot

intake ports which provide temperature control of outflow during

normal operation.

Purpose of Model Study

4. The spillway design incorporates various features which

necessitated model analysis for final design. The effect of the

deep, curving approach channel on spillway discharge and flow char-

acteristics was studied in the model and led to development of a

shallower, more economical approach channel. The model was used to

evaluate the hydraulic jump and sweepout conditions in the spillway'

flip bucket at lower discharges and study the jet trajectory and

impact conditions in the plunge pool at high discharges. The outlet

model was used to study general flow conditions and pressures in the

outlet conduit and to evaluate the performance of the stilling basin

and fish facility entrance conditions. Construction of the project

was underway at the time of the model studies. Some studies to

refine the hydraulic performance of the structures that might have

been made earlier in the design development were not made when the

performance of the tested design was acceptable. The cost of design

changes would have exceeded the savings of slightly smaller struc-

tures or less excavation.

3



PART II: THE MODELS

Description

5. The 1:30-scale spillway model (see plate 2 and photographs I

through 6) reproduced the left abutment of the dam for a distance of

1,000 feet upstream of the axis, a portion of the adjacent reservoir

to include the outlet tower and service bridge, the spillway, the

outlet stilling basins, the spillway and outlet exit channels, and

900 feet of the river downstream from the exit channels. The entire

spillway was constructed of plastic, while all other structures were

constructed of waterproofed wood. Forebay and tailrace topography

consisted of hand-molded concrete between sheet metal templates.

Crushed rock and stippled concrete were used to reproduce roughness

in the forebay and tailrace. Water depth downstream from the model

was controlled by an adjustable tailgate.

6. The 1:25-scale outlet model (see plate 3 and photographs 7

through 11) included the conduit, both regulating valves, the stil-

ling basin, the portions of the fish facility, and the exit channel.

A large, corrugated metal tank was used as a forebay to reproduce

the required head on the outlet. The Applegate outlet entrance

design was not reproduced in the model--instead the bellmouth and

valves from a previous model (Ririe project) were used. The Ririe

design is very close to that used at Applegate and is considered to

satisfactorily simulate the Applegate approach conditions, especially

with full valve operation. The model structures were constructed of

plastic except for the exit channel and portions of the fish facil-

ity which were constructed of waterproofed plywood. The smooth

plastic pipe used in the model simulated model Reynolds numbers of

flow ranging from 3.9 to 6.2 X 105 and Darcy-Weisbach 'f' values

ranging from 0.014 to 0.0128; the same 'f' values expected in the

prototype assuming a maximum design effective roughness "k " of

4
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0.002 feet with Reynolds number of flow ranging from 4.9 to 7.8 X
7

10 . Thus, the full length of the oblong conduit was reproduced to

simulate the maximum design value of effective roughness. A minimum

effective roughness value of 0.0002 was simulated in the model by

increasing the head to create the computed depth of flow near the

outlet portal. Crushed rock was glued to the exit channel side

slopes to simulate riprap.

7. Water used in the operation of both models was supplied by

recirculating systems, and discharges were measured by calibrated

orifices in the supply lines. Water surface elevations were measured

by point gages and water manometers connected to piezometers. Stan-

dard laboratory instruments and procedures were used to measure vel-

ocities and current directions. Photographs were used to analyze

the flow conditions in the spillway approach channel, the plunge

pool, and the confluence of the outlet channel with the spillway

channel.

Scale Relationships

8. The required similitudes of the models to the prototype were

obtained with the following scale relationships based on the Froude

model law:

1:30-Scale l:25-Scale
Dimension Ratio Relationship Relationship

Length Lr 1:30.0 1:25.0

Area Ar = Lr2  1:900.0 1:625.0

Velocity Vr , Lr1 /2  1:5.477 1:5.0

Time Tr f Lr1 /2  1:5.477 1:5.0

Discharge Qr = Lr5/2  1:4929.5 1:3125.0

Roughness Nr f Lr1 /6  1:1.763 1:1.71

5



PART III: SPILLWAY TESTS

9. Primary spillway discharges observed were 18,400, 29,700,

43,900, and 93,600 cfs. Coupled with the maximum design regulating

outlet release of 5,900 cfs, these spillway flows provide river dis-

charges of 24,300 (100-year flood), 49,800 (Standard Project Flood

(SPF)), and 99,500 cfs (Spillway Design Flood (SDF)). In addition,

spillway discharges ranging from 2,000 to 7,000 cfs were observed

for specific areas of interest such as the right side of the approach

channel, lower chute, flip bucket, and upstream end of the plunge

pool. Pool elevation was measured at the intake structure where

prototype measurements would be made and where the velocity head of

approach flow was negligible (gage 7, plate 2).

Approach Channel

Original Design

10. The original-design approach channel (photograph 2) was

trapezoidal shaped and had a bottom width of approximately 126 feet

with an invert elevation of 1890. It provided a height of spillway

ceest (53.7 feet) to design head (43.3 feet) ratio of 1.24. A por-

tion of the embankment fill at the left abutment extended upstream

forming a re-entrant condition along the right bank of the approach

channel. Flow conditions in the approach channel and upstream of

the spillway crest were acceptable (see photograph 12) and indicated

a potential for raising the invert without compromising acceptable

hydraulic performance. The spillway passed the design discharge of

93,600 cfs with a pool elevation of 1985, 2 feet lower than that

expected.

6



Modifications

11. The approach channel invert was raised to elevations 1900

and 1910 and tested with the spillway design discharge. Hydraulic

performance was acceptable under both conditions (set photographs 13

and 14). The tests indicated that the flow conditions would be good

also with a higher invert; however, none was tested because part of

the channel had already been excavated to elevation 1910. Removal

of the embankment fill at the left abutment to a rock bench at ele-

vation 1970 increased local velocities at the fill from 5 fps (occur-

ring with the fill) to 8 to 11 fps (during SDF conditions) and

created generally poorer surface flow conditions upstream of the

spillway crest (see photograph 15). Removal of the fill had little

noticeable effect on flow through the spillway and in the chute.

Final Design

12. The final-design approach channel was excavated to eleva-

tion 1910 to provide a height of crest to design head ratio of 0.78

and included the original-design re-entrant embankment fill at the

left abutment (see photograph 16). Plates 4 to 6 show approach

channel velocities for SDF discharges of 18,400, 43,900, and 99,500

cfs, respectively. Surface flow conditions with the SDF are shown

in photograph 14. Flow around the re-entrant fill on the inside of

the channel curve with the SDF had a maximum velocity of 13 fps at

the toe of the upstream edge, although general velocities in this

area were about 5 fps. An eddy formed around the fill but did not

cause adverse effects on spillway flow conditions and was not con-

sidered objectionable.

13. Tests were accomplished to evaluate flow conditions around

the outlet intake structure bridge piers (plate 7). Plate 8 shows

velocities and flow conditions around the bridge piers with the SDF

condition. Maximum velocity around the piers was 5 fps, with a

maximum velocity of 2 fps near the pier footing.

7
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Crest and Chute

Original Design

14. Details of the spillway crest and chute are shown on plate

9. The original-design chute walls were 22 feet high for their

entire length. A rooster tail formed downstream from the spillway

pier as shown by photograph 17. The rooster tail, which was stable

and isolated to the center of the chute, did not cause problems

along the chute walls. With ungated spillway operation, the slightly

asymmetric flow to the spillway (see photograph 14) caused a low

standing wave in the chute from the right bay to the left wall of

the chute at station 14+30 and a 3-foot higher water surface profile

along the left wall than the right wall.

Modifications

15. A 32-foot-long pier extension (photograph 18) was developed

that greatly reduced the rooster tail (photograph 19); however, the

modification did not improve flow conditions in the chute. A verti-

cal wall 35 feet above the apprcich channel invert extending 50 feet

upstream from the right abutment (photograph 20) improved the inflow

to the spillway and caused a 2-foot lower water surface profile (SDF)

on the left wall of the chute between station 14+35 and station

14+50. Water surface profiles in the chute with the pier extension

and both with and without the forebay wall are shown on plates 10

and 11, respectively. The changes in spillway operating performance

resulting from both modifications were considered to be largely

aesthetic, and neither modification offered a significant enough

improvement to warrant their additional cost. Passage of the DF

through the spillway with a pool elevation 2 feet lower than maximum

design pool indicated that the spillway could have been slightly

smaller. Because a portion of the spillway area had already been

excavated, tests to refine the spillway size were not made.

8



Final Design

16. The final-design spillway and chute profile is shown in the

center of plate 9. The chute walls were generally lowered through

their entire length based on the model water surface profiles. The

water surface profiles on the final-design chute wall with the SDF

are shown on plate 12. The spillway passed the 93,600-cfs spill of

the SDF at pool elevation 1985--2 feet lower than the designed maxi-

mum pool elevation 1987. With pool elevation 1987, the spillway

free-flow discharge was 102,300 cfs.

17. Spillway operation did not create surging conditions in the

relatively shallow approach channel. Tests to evaluate potential

for surging were accomplished with gated operation at maximum pool

elevation 1987, with free flow at pool elevation 1985 (SDF dis-

charge), and with free flow at maximum pool elevation 1987.

18. During prototype excavation of the spillway approach, a

zone of fractured rock was uncovered near the right bank just

upstream of the spillway crest that required stabilization with a

concrete blanket. This modification (see photograph 21) was tested

in the model and caused no change in flow conditions. Maximum vel-

ocities adjacent to the concrete were 5 to 7 fps.

19. With small discharges a hydraulic jump formed in the down-

stream mild-slope section of the spillway chute, and flow spilled

over the lip of the upper flip bucket and flipped from the lower

bucket (photograph 22). With maximum pool elevation 1987, the upper

limit of rising gated discharges at which the jump would sweep out

and flow would flip from the upper bucket was 7,100 cfs. The lower

limit of receding gated discharge at which flipping at the upper

bucket would occur was 4,300 cfs. With free flow the upper and

lower limits were 8,300 and 6,900 cfs, respectively. Photographs

22, 23, and 24 illustrate flow conditions at which a discharge of

9
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7,000 cfs flipped from the lower and upper buckets and 4,500 cfs

flipped from the upper bucket, respectively. With a discharge of

7,000 cfs, a tailwater elevation of 1772.4 (at gage 3, plate 2) was

required to drown the flip action from the lower bucket. This tail-

water elevation is 6 feet higher than the theoretical elevation for

a river discharge of 12,900 cfs, indicating that the lower bucket

invert elevation was satisfactory.

Plunge Pool and Downstream Channel

Original Design

20. The original-design plunge pool and downstream channel are

shown on plate 13 and photograph 25. The plunge pool was somewhat

arbitrarily sized with the intention that it should prevent signifi-

cant erosion from occurring with spillway discharges up to 29,700

cfs (200-year-frequency flood). No attempts were made at movable-bed

modeling in the plunge pool area--instead, standard hydraulic char-

acteristics--velocities, wave heights, and impact pressures--were

determined in the fixed-bed model from which judgmental performance

of the plunge pool could be made.

21. Flow conditions in the plunge pool and downstream channel

with spillway discharges of 4,500 to 93,600 cfs are shown on plates

14 to 20 and photographs 26 to 29. With discharges up to the

200-year-frequency flood, maximum velocity in the plunge pool was

*j 23 fps and occurred along the left side of the plunge pool where the

excavated rock was to be protected with a concrete cover. Veloci-

ties as high as 28 fps occurred at the top of the transition slope

between the plunge pool and downstream channel. Wave rideup at the

sides of the plunge pool adjacent to the impact area was 10 to 11

feet. Impact pressures on the bottom of the plunge pool were as

high as 65 feet of water. The flip trajectory (see plate 21)

impacted near the downstream end of the plunge pool.

10
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22. With the SPF discharge, the jet trajectory impacted on the

upstream edge of the downstream channel and very little flow action

occurred in the plunge pool. Velocipies along the sides of the

channel downstream from the impact zone were 17 to 25 fps.

23. The SDF trajectory impacted on the upper part of the tran-

sition slope, the toe of the adjoining right side slope, and on the

upstream end of the channel. An eddy formed along each side of the

plunge pool with maximum velocities of 12 fps. The maximum wave

rideup was 20 feet on the left side of the pool just upstream from

the impact area. Maximum velocity along the sides of the downstream

channel was 63 fps. A standing wave formed near the downstream end

of the channel. The sweep-out effect of the flow caused the depth

in the outlet channel (gage 5) to be lower than with the 200-year

flood and the SPF.

24. With the larger discharges (100-year frequency and above)

low-velocity flow flooded the fish facility, although water did not

reach the embankment toe with any of the discharges tested.

Modifications Tested

25. In an effort to reduce the highly turbulent flow and high

velocities at the transition from the plunge pool to the downstream

spillway channel, the bank transition was lengthened from 50 to 100

feet (plate 22 and photograph 30). Short (16.4 feet long) walls

(see plate 22 and photograph 30) were added along the sides of the

plunge pool at the toe of the flip buckets to provide protection

against erosion in the event that debris material might collect in

the upstream corners of the plunge pool.

26. Flow conditions with the revised transition for spillway

discharges of 29,700 to 93,600 cfs are shown on plates 23 to 25.

The longer transition did not noticeably improve flow conditions.

11
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Local velocities changed, but maximum velocities were essentially

the same as those which occurred with the shorter transition. Wave

action was greater with the modified transition. The addition of

the walls at the upstream end of the plunge pool did not affect flow

conditions in the plunge pool.

27. An 80-foot longer plunge pool (Plan B and photograph 31)

was evaluated with spillway discharges of 29,700 (200-year frequency)

and 43,900 cfs (SPF). Flow conditions for these tests are shown on

plates 26 and 27 and photographs 32 and 33, respectively. Flow con-

ditions in the longer plunge pool suggested a marked improvement in

stilling action would occur with this design; however, NPP concluded

that the additional excavation was not economically justified.

Final Design

28. The final-design plunge pool included the short concrete

walls at the toe of the flip bucket and the 50-foot-long transition

between the plunge pool and downstream channel. The original-design

plunge pool length was retained.

29. Passage of the 200-year flood spill (29,700 cfs) through

only the right bay of the spillway was observed with both the final-

design plunge pool and downstream channel and with the Plan B plunge

pool. The flow from the right bay spread across the chute in the

steep section, and most of it flipped from the left side of the

upper bucket. The flow conditions in the plunge pool and the

upstream end of the channel are shown for both designs on plates 28

and 29 and in photographs 34 to 37, respectively. In the final-

design plunge pool, the trajectory impacted on the bottom transition

slope with the greatest impact and highest velocities occurring in

the left side of the pool. The maximum velocity was 30 fps on the

transition slope at the left edge of the impact area. Maximum wave

rideup on the sides of the plunge pool was 12 feet at both sides of

12

* . *---- ---- "



the impact area. In the Plan B plunge pool, the trajectory impacted

on the bottom of the pool 35 feet from the bottom transition. As

with the shorter pool, the maximum velocity was 30 fps and occurred

at the upstream end of the channel as well as at the left side of

the impact area. Maximum wave rideup was 3 feet greater than with

the final design.

13



PART IV: REGULATING OUTLET TESTS

Conduit

Original Design

30. Details of the original-design outlet are shown on plate 3.

The splitter wall between the two converging conduit passages down-

stream of the valves (station 10+00.654 to station 10+86.65, plate 2)

contains a low-discharge pipe exiting into the main conduit. The

pipe, though not reproduced in the model, necessitated that the

splitter wall be 6 feet wide at the downstream end (see photograph

38). The converging flow from the two passages formed a rooster

tail at the end of the wall that extended into the upstream end of

the oblong conduit section. When the maximum discharge of 6,100 cfs

was passed (with fully open valves and maximum pool elevation 1987),

the rooster tail was large and caused the dissipation of consider-

able energy within the tunnel (photograph 39). The tunnel flowed

almost full as crests of waves passed through the downstream end

(photograph 40), and the depth of the outflow fluctuated 7.3 feet.

Discharge into the primary stilling basin was variable, and waves

overtopped the basin walls.

Final Design

31. Ten modifications to the end of the splitter wall were

studied in the development of a design to damp the rooster tail and

improve tunnel outflow. The modifications were of two general

types--tapered extensions and deflectors on the walls (plate 30).

The extensions damped the rooster tail but not enough to improve the

tunnel outflow adequately. Plans 3 and 4--deflectors that changed

the path of the full depth of the flow slightly--caused no improve-

ment of the outflow. Plans 8, 9, and 10--deflectors that changed

14
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the path of the lower portion of the flow--caused the lower flow

elements to converge after the top elements and form almost indis-

cernible rooster tail. Having the broadest base (1.25 feet), Plan 8

was the most effective in damping the rooster tail and reducing the

depth fluctuation at the outlet (photograph 41). The fluctuation

was reduced to 1.5 feet. A rooster tail formed at the end of the

splitter wall with smaller discharges, but the waves damped in the

tunnel and fluctuation of the outflow was minimal. Conditions with

discharges of 4,500 cfs (maximum flow with fully open valves and

minimum pool elevation 1889), a gated flow of 4,500 cfs with maximum

pool, and an ungated flow of 3,050 cfs through only the left valve

with maximum pool are shown in photographs 42, 43, and 44, respec-

tively. Flow conditions were also satisfactory with 50- and

75-percent valve openings with minimum and maximum pool levels and

with fully open valves during raising and lowering of the pool

between minimum and maximum levels. Plan 8 was adopted and used in

all other tests of the outlet.

Stilling Basin and Downstream Channel

32. The stilling basin (see plate 31) consists of primary and

secondary basins with a fish barrier sill separating the basins.

The stilling basin is designed for 6,100 cfs with a conduit effec-

tive roughness of 0.0002 feet; however, the model conduit effective

roughness was 0.002 feet. The stilling basin design condition was

simulated in the model by increasing head on the conduit to create

the computed depth of 8.98 feet at station 19+28 near the conduit

exit.

33. With the conduit design condition of "k " equal to 0.002
S

feet, the stilling basins contained the design discharge of 6,100

cfs (photograph 45). However, with the basin design condition (con-

duit "k " equal to 0.0002 feet), the basin walls downstream from
5

the barrier sill were overtopped (photograph 46 and plate 32).

15



Occasionally a wave overtopped the walls at the downstream ends of

both basins as shown by the maximum water surface profile on plate

32. The wall transition sections between the basins were extended

as shown on plate 32 to contain all the flow except for the occa-

sional very high waves. Photographs 47 through 49 show flow condi-

tions in the stilling basins with conduit "k," equal to 0.002 feet

with the following conditions: 4,500 cfs with maximum pool, 4,500

cfs with minimum pool, and 3,050 cfs with single-valve operation at

maximum pool. Pressures on the baffles in the primary basin were

positive with all discharge conditions of conduit "k ' equal to~s
0.002 feet (table A). With the simulated condition of "k " equal

to 0.0002 feet, pressures on the baffles were as low as -12 feet of

water--an indication of cavitation potential. Since the very smooth

finish existing in the model conduit would not be obtained in the

prototype, a change in baffle or basin design to eliminate the indi-

cated cavitation potential was considered unnecessary. Average

pressures observed in the basin fishway openings W-1 and E-1 are

also listed in table A.

34. Flow conditions in the downstream channel were satisfactory

with the design discharge of 6,100 cfs when the roughness "k " ofs

the conduit was 0.002 feet and the spillway was not in operation

(tailwater for a river discharge of 6,100 cfe). The maximum bottom

velocity at the end sill of the secondary stilling basin was 20 fps

(plate 33). Flow along the right bank was downstream with veloci-

ties of I to 8 fps; flow along the left bank was upstream with vel-

ocities of 2 to 5 fps. Waves were 4 feet high at the upstream end

of the channel and rode up to but did not overtop the right bank.

When the conduit roughness "k " was 0.0002 feet, waves from the
5

stilling basins were increased and occasionally rode up the right

bank onto the roadway at the upstream end of the channel. When the

river discharge was 10,000 cfs (3,900 cfs spill), the increased

tailwater (elevation 1764.9) caused waves to overtop the walls of

the secondary basin and the right bank. A cap on the basin walls

16
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with a 1-foot overhang and a curb to elevation 1772 at the top of

the right bank contained the wave action. Tailwater with a river

discharge of 15,000 cfs was at the top of the right bank, and the

roadway and area around the fish facilities were flooded by wave

overflow. With the higher tailwater from river discharges of 15,000

and 20,000 cfs, wave action from the stilling basins was damped but

not eliminated.

35. The channel downstream from the stilling basin (see photo-

graph 7) had an 80-foot bottom width. Flow conditions downstream

from the secondary stilling basin with discharges of 180, 500,

1,000, 2,000, 4,500, and 6,100 cfs are shown on plates 34 to 39.

Although eddies and upstream flow occurred along the left bank at

all discharges, there was no tendency for sand or gravel to move

into the basin. Material artificially placed in the basin was swept

out as soon as velocities were high enough to move it. Flow condi-

tions along the right bank were good for fish attraction with a path

of downstream velocities ranging from I to 8 fps for the discharges

tested. Photograph 50 shows the flow condition with a discharge of

6,100 cfs. In an attempt to eliminate the large eddy or slack water

area along the left bank, the bank was filled to narrow the channel

to a width of 60 feet (photograph 51). Slack water was eliminated,

and the size of the eddy was reduced. A small eddy still occurred

at the downstream end of the left training wall (plates 40 to 44),

and although material was not carried into the basin from this eddy,

good fish attraction conditions along the right bank were lost (pho-

tograph 52). Upstream or fluctuating flow occurred along the bank

for all but the minimum flow (fishway attraction flow only).

Although good downstream flow occurred farther out in the channel

directly downstream from the fishway entrance this plan was dis-

carded because flow along the channel bank was not adequate for fish

attraction.

17
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36. A low sill (see photograph 51) was installed in the down-

stream channel to create additional depth at the fish collection

facilities adjacent to the stilling basins during low river dis-

charges. A 4-foot-high sill across the channel at station 25+00

(247.5 feet from the stilling basins) raised the tailwater at the

basins 1.5 feet with a discharge of 6,100 cfs. The additional tail-

water caused the hydraulic jump in the secondary stilling to occur

farther upstream. Although wave action was damped slightly, the

increased depth permitted the waves to ride up onto the roadway and

fishway parking area on the right bank. The same s:ll located at

station 23+50 (97.5 feet from the basin) was less effective and the

waves were higher than with the downstream location. The sill had

an 8-foot-long by 1.5-foot-deep notch at the center to pass very low

flows. With a river discharge of 100 cfs passed through the fish

facilities and spilled through the downstream entrance (E-2) and the

accompanying diffuser, fish attraction flow was good from the notch

along the right side of the channel and into the entrance channel.

The outflow in the fish entrance channel divided allowing a portion

to continue down the channel and a portion to pass through the notch

in the channel wall and out through the right side of the secondary

basin.

37. The low wall (elevation 1770) between the secondary basin

and fish collection channel (see photograph 53) was thought to con-

tribute to wave action in the downstream channel. In an attempt to

reduce the wave action, the low wall was raised to elevation 1770

(see photograph 54). Flow conditions in the downstream channel with

the raised wall and 6,100-cfs outlet discharge (see plate 45 and

photograph 55) were detrimental to fish attraction along the right

bank of the channel. The desirable fish attraction velocities which

had occurred with the original wall design (1 to 8 fps downstream,

see plate 39) changed to upstream flows with a series of eddies sep-

arating the flow near the channel bank from the main flow farther

out in the channel (see photograph 55 as compared to photograph 50).

18
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The 60-foot-wide channel experienced similar undesirable fish attrac-

tion conditions with the higher wall (see photograph 56). The tests

revealed that flow from the secondary basin was required to expand

over the low wall in order to maintain desirable fish attraction

flow along the right bank of the downstream channel; therefore, the

originally designed lower wall was retained.

19



PART V: FISH FACILITY TESTS

38. The fish collection facility (plate 46 and photographs 10

and 11) is located adjacent to the right wall of the stilling basin.

The principal water supply for the facility was drawn from the pri-

mary stilling basin through opening W-1 (see plate 46) which had a

sill elevation of 1759--5 feet above the floor of the primary stil-

ling basin. Tests were made to determine the maximum outlet dis-

charge at which the withdrawal could be made without excessive waves

in the surge pool and fluctuating outflow through openings W-3 and

W-4 (plate 46) to the fishway supply conduits. The tests showed

that good water supply conditions occurred with all outlet dis-

charges. With the maximum outlet discharge of 6,100 cfs and a with-

drawal of 200 cfs, surging in the pool was 0.7-foot high on the wall

containing opening W-1 and 0.8-foot high on the opposite wall where

the water level at the trashracks was an average of 1.7 feet higher

than at the upstream end. The surging was damped in the surge pool,

and outflow through openings W-3 and W-4 was constant (photograph

57). With an outlet discharge of 4,500 cfs, (gated with maximum

pool or ungated with minimum pool), the maximum fluctuation in the

surge pool was 0.5 foot and the water level on the wall opposite

opening W-1 was 1.2 feet higher at the trashrack than at the

upstream end (photograph 57). With the maximum single-valve outlet

discharge of 3,050 cfs, the maximum surge was 0.1 foot and the water

level on the wall opposite W-1 was 0.9 foot higher at the trashrack

than at the upstream end (photograph 59). Flow was also observed

with the sill lowered to the level of the basin floor. Boiling and

surging in the surge pool were increased with the lower sill.

39. The District anticipated that entrance E-1 to the fish lad-

der would have to be closed at high outlet discharges in order to

prevent a reversal of flow through the entrance. The effect of

closure of E-1 was tested in the model with outlet discharges vary-

ing from 500 to 6,100 cfs. Flow conditions with entrance E-1 open

20
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and closed are shown on plates 47 and 48, respectively. Tests indi-

cated that flow would always be out of entrance E-l with velocities
ranging from 7 to 14 fps. Flow surged in and out of entrance E-2

when E-l was open hut flowed out (downstream) at velocities of 6 to

7 fps when E-l was closed. With E-1 open or closed, flow velocity

over the downstream sill of the facility was acceptable with veloci-

ties of 3 to 9 fps.
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PART VI: SUMMARY

40. The model was used to verify design of the long, sharply

curving spillway approach channel. Test results indicated that the

originally designed channel invert could be raised 20 feet--resulting*in a considerable decrease in excavation costs and still maintain

satisfactory spillway operation. The spillway design discharge of

93,600 cfs passed over the spillway with a maximum pool elevation of

1985--2 feet lower than maximum regulated pool elevation 1987.

41. The model revealed a large rooster tail as a result of

expending flow from the center pier of the spillway. Although a

pier extension was developed which eliminated the rooster tail, the

rooster tail was stable and confined to the center of the spillway

chute and did not create adverse flow conditions in the chute. The

pier extension was not included in the final design. Model results

indicated that a lowering of the originally designed chute walls was

acceptable.

42. The spillway plunge pool was studied in a fixed-bed model,

and standard hydraulic characteristics of flow conditions within the

plunge pool were used in evaluating the performance of the plunge

pool. This evaluation concluded that the plunge pool would function

satisfactorily (preventing significant erosion) for discharges up to

the 200-year flood; however, floods approaching and in excess of the

SPF would cause excessive erosion in vicinity of the plunge pool and

downstream channel. A plunge pool 80 feet longer than originally

designed markedly improved flow conditions and stilling action but

was not included in the final design as it was concluded to be eco-

nomically unjustified.

43. A modification to the regulating outlet splitter wall down-

stream from the valves was developed through the model to eliminate

an unacceptable rooster tail emanating from the splitter wall. Flow
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conditions both in and downstream from the outlet stilling basin

were studied to evaluate fish attraction characteristics at the fish

collection facility. Tests were accomplished with various operating

conditions at the fish facility entrances to evaluate effects of

such operations.
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TABLE A

PRESSURES ON STILLING BASIN BAPFLES AND IN FISHWAY ENTRANCES

Regulating Outlet Discharge in CFS

3050" 4500* 14500** 6loo*** 6100
Piezometer

Pool Elevation
Number

1987 1889 1987 1987 198T

Pressure in Feet of Water

C-1 17.3 15.8 12.8 8.4 -0.6
C-2 20.3 19.2 15.8 12.1 -0.7
C-3 17.4 15.7 12.5 8.3 -2.6
c-4 20.3 19.0 15.8 11.8 -3.0

R-5 18.2 17.4 13.5 7.5 -10.4
R-6 20.9 20.4 16.8 11.4 -6.2
R-7 18.4 17.6 13.3 7.0 -12.0
R-8 21.0 20.6 16.6 10.6 -10.3

W-1 14.8 17.0 16.4 16.7

E-1 2.6 3.0 3.0 3.3

* Left valve fully open, right valve closed
** Both valves fully open

*** Both valves partially open
4 Both valves fully open, outlet roughness ks  0.0002

R-5 /C-3, R-7
C-1, R-5C'1, - EL 1759.00

r c.4,_ -8 EL 1755.25

EL 1754. 00
C-2 ,R-6 1 0.0 O' /q

- ELEVATION 1. C-1 to C-4 in center baffle.

2. R-5 to R-8 in right baffle.
C-1,C-2 zoo 3. Baffle locations shown on plate 31.
R-5 R-6 4. Locations of entrances W-1 and E-1

Tshown on plate 46.

C-3, C-4 L-00R-7, R-
PLAN

TABLE A



Photograph 1.

Photograph 2.

Original design forebay and spillway approach channel.

r /



p

Photograph 3.

Photograph 4.

Original design spillway and plunge pool.
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Photograph 5. Original design downstream channel.

Photograph 6. Regulating outlet intake tower and
service bridge.
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Photograph 8. Tunnel exit and chute.

Photograph 9. Primary stilling basin.
View from upstream.
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Photograph 10. Secondary stilling basin and fishway
channel and entrance. View from
downstream.

Photograph 11. Stilling basins, fish barrier sill, and
fishway. Overhead view.



Photograph 12. Original design spiliway approach channel,
elevation 1,890, p/Hd = 1.24. Spiliway
discharge 93,600 cfs. Pool elevation 1,985,
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Photograph 13. Spillway approach channel at elevation
1,900, P/Hd -1.01. Spillway discharge
93,600 cfs. Pool elevation 1,985.
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Photograph 14. Final design spillway and approach
channel at elevation 1,910, p/Hd = 0.78.
Spillway discharge 93,600 cfs. Pool
elevation 1,985.
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Photograph 15. Right bank abutment fill removed to elevation
1,970. Spillway approach channel at elevation
1,910, p/Hd = 0.78. Spillway discharge 93,600
cfs. Pool elevation 1,985.
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Photograph 16. Final design spiliway approach channel
at elevation 1,910, p/Hd = 0.78.
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Photograph 18. Spi lway pier extension.
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Photograph 20. Vertical wall extending upstream from
right spillway abutment.
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Photograph 21. Concrete stabilizing blanket on right
bank of spillway approach channel, top
at elevation 1,970.
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Photograph 22. Flow from lower flip bucket. Spillway

discharge 7,000 cfs.

I



Photograph 23. Flow from upper flip bucket. Spillway
discharge 7,000 cfs.



Photograph 24. Flow from upper flip bucket. Spillway
discharge 4,500 cfs.



Photograph 25. Original design plunge pool and
downstream channel.

*1!



%0 44

04 0D

co
0

00

04

.H

46

4

tp 04
04
414-

0

00

Dz4



Photograph 26c. Original design plunge pool and
downstream channel. Spillway
discharge 18,400 cfs.
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PhOtOgraPh 
26d. Left bank.

PhOtograph 26e. Right bank.

Or gi~ j dSign Plunge Pool and downstr a channel.
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Photograph 27a.

Photograph 27b.

Flow from upper flip bucket.
Spillway discharge 29;700 cfs.
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Photograph 27c. Flow from upper flip bucket. Spillway
discharge 29,700 cfs.



Photograph 27d. Original design plunge pool and downstream
channel. Spillway discharge 29,700 cfs.
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Photograph 27e. Left bank.

Photograph 27f. Right bank.

Original design plunge pool and downstream channel.
Spillway discharge 29,700 cfs.
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Photograph 28a. Flow from upper flip bucket. Spillway
discharge 43,900 cfs.
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Photograph 28d. Original design plunge pool and
downstream chann~el. Spillway
discharge 43,900 cfs.



Photograph 28e. Left bank.

Photograph 28f. Right bank.

Original design plunge pool and downstream channel.
Spillway discharge 43,900 cfs.
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Photograph 29a. Original design plunge pool and
downstream channel. Spillway
discharge 93,600 cfs.



Photograph 29b. Left bank.
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Photograph 29c. Right bank.

Original design plunge pool and downstream channel.
Spillway discharge 93,600 cfs.
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Photograph 30. Revised left and right bank transition

downstream from plunge pool.
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Photograph 32b. Left side.

Photograph 32c. Right side.

Plan B plunge pool.
Spillway discharge 29,700 cfs.
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Photograph 33a. Plan B plunge pool. Spillway
discharge 43,900 cfs.
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Photograph 33. Right side.

Plan B plunge pool.j Spillway discharge 43,900 cf s.
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Photograph 34a. Upwelling along left bank. Original
design plunge pool and downstream
channel. Spillway discharge 29,700
cfs. Right bay only operating.
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Photograph 34b. Original design plunge pool and
downstream channel. Spillway
discharge 29,700 cfs. Right bay
only operating.
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Left bank

Right bank

Photograph 35. Original design plunge pool and downstream
channel. Spillway discharge 29,700 cfs.
Right bay only operating.

I



Photograph 36a. Plan B plunge pool and original downstream
channel. Spillway discharge 29,700 cfs.
Right bay only operating.
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Photograph 36b. Upwelling along left bank. Plan B
plunge pool and original downstream
channel. Spillway discharge 29,700 cfs.
Right bay only operating.
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Left bank

Right bank

Photograph 37. Plan B plunge pool and original downstream
channel. Spillway discharge 29,700 cfs.
Right bay only operating.
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Photograph 38. Downstream end of splitter wall.

Photograph 39. Rooster tail at upstream end of tunnel.
Original design splitter wall. Discharge
6,100 cfs.
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Upstream end of tunnel.

ImI

Near downstream end of tunnel.

Photograph 42. Flow with splitter wall plan 8. Discharge
4,500 cfs, pool elevation 1,889.



Upstream end of tunnel.

oil

Near downstream end of tunnel.

Photograph 43. Flow with splitter wall plan 8. Discharge
4,500 cfs, pool elevation 1,987.
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Upstream end of tunnel.

Near downstream end of tunnel.

Photograph 44. Flow with splitter wall plan 8. Discharge
3,050 cfs, pool elevation 1,987. Left
valve fully open, right valve closed.
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View from upstream.

View from downstream.

Photograph 45. Flow in stilling basins. Discharge
6,100 cfs, conduit roughness
ks = 0.002.
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View from upstream.

View from downstream.

Photograph 46. Flow in stilling basins. Discharge
6,100 cfs, conduit roughness
ks = 0.0002.
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Primary stilling basin.

View from downstream.

Photograph 49. Flow in stilling basins. Discharge

3,050 cfs, pool elevation 1,987.
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Photograph 50. Flow conditions in downstream channel

with an outlet discharge of 6,100 cfs.
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Photograph 59. Flow in plunge pool, discharge 200 cfs.Outlet discharge 3,050 cE s, poolelevation 1,987.
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Photograph 57. Flow in plunge pool, discharge
200 cfs. Outlet discharge
6,100 cfs.

/



Forebay Pool elevation 1,987.

Forebay Pool elevation 1,889.

Photograph 58. FlDow in Plunge pool, discharge20 f. Outlet discharge4,500 cf s.
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